
( t 2 , UK Patent Application 



(21) Application No 8422200 

(22) Date of filing 3 Sep 1984 

(30) Priority data 

(31) 530161 (32)7Sap19B3 (33) US 



(71) Applicant 

The Plessey Company pic (United Kingdom). 
Vicarage Lana, llford. Essex 

(72) inventors 
Harry G Heller 
Stephen N Oliver 
John Whittal 
William Johncock 
Paul J Darcy 
Clive Trundle 

(74) Agent and/or Address for Service 
Brookes & Martin, 

High Holborn House. 52/54 High Holborn. London 
WC1V6SE 



* 



9 ,GB n.,2 146 327 A 

(43) Application published 1 7 Apr 1 385 



(51) INT CL 4 

C07D 495/02 493/02 (C07D 

493/02 307/00) (C07D 495/02 209/00 333/00) 

(52) Domestic classification 

C2C 1230 1341 1342 136X 1470 1471 1472 1473 

1485 1510 1512 1516 200 211 213 215 220 225 

226 22Y 246 250 251 253 254 256 25X 25Y 28X 

306 30Y 314 31Y 332 337 351 352 355 35Y 364 

369 36Y 386 388 401 40Y 43Y 621 624 625 634 

635 662 671 675 681 699 761 763 776 80Y 810 AA 

AB ML TP TO. UK 

C3K 210 211 213 294 DA 

C3W 225 302 

C4S 660 66Y 670 716 74Y 

U1S 1413 C2CC3KC4S 

(56) Documents cited 
GB A 2002752 

(58) Field of search 
C2C 



(54) Photochrome fused-ring organic compounds and their use in photoreactive lenses 

(57) Photochrome compounds, which have the property of undergoing a reversible colour chanae 
when exposed to unfiltered sunlight and reverting to their original colour in the absence of U V liqht at 
room temperature, have the general formula:- -a 




(i) 



represents an adamantylidene or a substituted adamantylidene group- 
ie, represents hydrogen, alkyl, aryl, aralkyl or a heterocyclic group 
X represents oxygen or >NR a , in which R 2 is hydrogen, aryl, alkyl or aralkyl and 




represents an aromatic group, an unsaturated heterocyclic group or a benzannelated heterocyclic 
plasric le h n 0 se S Chr0miC C ° mp ° Unds are useful in the manufacture of photoreactive lenses, particularly 
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SPECIFICATION 

Photochromic compounds and their use in photoreactive lenses 

5 BACKGROUND OF THE INVENTION 5 
This invention relates to photochromic compounds and is particularly concerned with com- 
pounds having the ability to undergo a change to a coloured or more strongly coloured form in 
strong sunglight and revert to their original form on removal or reduction of the U.V. component 
of sunlight, e.g. in diffuse daylight conditions. 

10 10 
DESCRIPTION OF THE PRIOR ART 

In general, known photochromic compounds absorb U.V. light to generate coloured forms but 
these tend to revert to the colourless form when exposed to white light and also undergo 
thermal fade at ambient temperatures. U.K. Patent Specification No. 2,002,752 discloses a 

1 5 series of photochromic compounds having a high degree of photo-sensitivity so that they colour 1 5 
in U.V. light and reverse rapidly in white light. Such compounds are not suitable sunglasses or 
related applications because of this tendency to revert to the colourless form in white light. As a 
consequence, they show little or no colouring in unfiltered sunlight. 
While it is possible to select compounds which have a low quantum efficiency for bleaching in 

20 white light this characteristic is usually associated with a coloured form which is thermally 20 
relatively stable so that reversion to the colourless form at normal ambient temperatures is very 
slow. As a result, such compounds would not be suitable in photo-reactive lenses. 

A new class of photochromic compounds has been discovered which possess the combination 
of properties necessary for photoreactive lenses, namely (a) a high quantum efficiency for 

25 colouring in the near ultra-violet (b) a low quantum yield for bleaching with visible white light 25 
and (c) fast thermal fade at ambient temperatures, but not so rapid that the combination of 
white light bleaching and thermal fade prevent colouring by the ultra-violet component of strong 
sunlight. In addition, these properties are desirably retained in the conventional rigid plastics 
used for opthalmic and piano lenses. 
30 The term "heliochromic" is introduced to describe the behaviour of these novel compounds 30 
and will be used for this purpose in the remainder of this specification. 

SUMMARY OF THE INVENTION 
According to one aspect of the present invention, there is provided a series of photochromic 
35 compounds of the general formula:- 35 




(i) 40 



45 



50 represents an adamantylidene or a substituted adamantylidene group; 50 
R, represents hydrogen, alkyl, aryl, aralkyl or a heterocyclic group; 
X represents oxygen or >NR 2 , in which R 2 is hydrogen, aryl. alkyl, or aralkyl and 

55 

(II) 




60 represents an aromatic group, an unsaturated heterocyclic group or a benzannelated heterocyclic 60 
group. 

Examples of possible substituents in the adamantylidene group are halogen and hydroxy. 
Preferred classes of heliochromic compounds falling within formula (I) are those in which the 
group represented by the formula (II):- 
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is a resonance stabilised heterocyclic group, containing an oxygen or sulphur heteroatom e g 
furyl or thienyl. Such heterocyclic groups may be benzannelated and substituted in positions 
10 other than where the group is linked to the six-membercd group in formula (I), especially the a- 10 
position. Suitable substituents are deuterium, lower alkyl. e.g. methyl, ethyl, propyl arvl (e a 
phenyl), nitro. and halogen, (e.g. chloro or bromo) groups. 

Examples of aromatic or heterocyclic groups represented by the above formula (II) are qroups 
derived from 2,5- 2.4- or 3,5-dimethoxyphenyl; 2- or 3-furyl; or 2- or 3-thienyl groups, which 
shrft Subst,tuted or benzannelated by cyclisation onto that group with a subsequent hydrogen 1 5 

The introduction of electron-withdrawing groups such as bromine in the furyl or thienyl group 

Will cause ft hvncnrhrnmi^ ok:<4 »u_ •• . •• . . . ' a . K 

— - _ . -•■•■« —ww. an.. i ••• uic uuiicapunuing nenocnromic compound. Also the 

introduction of substituents (including ben 2 annelation) in the furyl and thienyl ring tends to 
20 increase the resistance of the compounds to oxidation and thereby reduces the fatigue rate 20 
Because fatigue reactions appear to proceed by an oxidative mechanism, it is also desirable to 
protect the compounds from oxygen in their ultimate application, e.g. by encapsulation or by 
use of oxygen scavengers, when employed in photoreactive lens manufacture 
The group represented by R, in the above formula (I) is preferably other than hydrogen e.g. 
25 substituted with a lower alkyl, i.e. methyl, ethyl, propyl or butyl (especially methyl) or phenyl 25 
Preferred groups represented by R 2 are methyl and phenyl. 

DETAILED DESCRtPTION-OF-THE-INVENTION 
In the following description, reference will be made to the accompanying sheets of formulae 
30 drawings. r 30 

Heliochromic behaviour and compounds having structures falling within the general formula 
(I) above were discovered as a consequence of investigation of the effect of heating of fulqides 
As noted in British Patent Specification No. 2.002.752. certain fulgides can be converted into' 
their coloured forms by heating. The reaction was found to be reversible using white light and 
35 the coloured form was found to be stable in the dark at room temperature. No value was 35 
perceived in these fulgides for sunglass applications because their photochrome response to 
sunlight was generally poor. 

Nevertheless, these remarkable photochromic properties prompted further investigation of the 
reactions because of the present inventors' interest in the fundamental chemistry of fulgides and 
40 their corresponding coloured forms. As a consequence of these investigations, it was found that 40 
certain fulgides containing an adamantylidene group underwent a photochemical or thermal ring 
closure and a thermal 1,5-hydrogen shift to give compounds which surprisingly exhibited 
heliochromic properties. For example, in the case of adamantylidene [a-3-thienyl)ethylidenel 
. c ^'" ,c anh y dr,d e (structure 7 in sheet 1 of the accompanying drawings) heating at about 

1 m nng closure to tne coloured cyclic form (structure 8) which underwent a 1 .5- 45 

hydrogen shift to the cyclic structure (9) (particularly at temperatures of about 180*C) While 

•I i ( ) .' S . n ^ h i e, ' ochrom, 'c. the colourless cyclic structure (9) is heliochromic. On irradiation 
with ultraviolet light in solution in toluene (even in the presence of white light), it gives the 
purple/blue coloured form (structure TO) which reverses to the colourless form (structure 9) at 
bO ambient temperatures in the absence of u.v. stimulation. Because the coloured form (10) 50 
exhibits such a very slow white light reversal, coupled with a relatively fast thermal fade at 
ambient temperatures, it is potentially valuable for use in photoreactive lenses. 

The adamantylidene group possesses a rigid strain free cage structure. Its structure is shown 
in the accompanying formula drawings. For convenience, the informal shorthand form 

OS) 

55 



is used in this specification to designate the adamantylidene group as indicated at the foot of 
t>u sheets 3 to 10 of the formula drawings. It is believed that the adamantylidene group plays a 60 
vital part in the generation of the heliochromic properties of this invention, because this bulky 
stable group weakens the single bond of the six-membered ring of which it forms part 
facilitating electrocyclic ring opening on irradiation with ultra-violet light. Attempts have been 
made to substitute other bulky groups for the adamantylidene group but there appear to be few 
t>o practmal alternative groups. For example, camphor and fenchone would appear at first sight to 65 





3 
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be suitable alternatives but these ketones failed to undergo the Stobbe reaction, probably 
because of steric hindrance. Simpler acyclic cyclic and bicyclic ketones do undergo the Stobbe 
reaction and the corresponding half esters can be hydrolysed to the diacids and hence to the 
corresponding fulgides. Although the latter are often photochromic. heating does not produce a 
5 heliochromic derivative. 

The adamantylidene group need not be attached to the group 



where this represents a heterocyclic group, via the carbon atom adjacent to the heteroatom. For 
15 example, referring to structural formula 9 (sheet 1 of the drawings) the adamantylidene group 
need not be attached to the thienyl group via the 2-position but could equally be attached via 
tho 3-positian as shown in structural formula (9A). 

The preparation of the fulgides from which the heliochromes are obtained is conveniently 
carried out using a dialkyl adamantylidenesuccinate (preferably the diethyl ester) as the starting 
20 material. The preparation of this ester is described in U.K. Patent Specification No. 2,051,813 
and can be obtained in over 80% yield and more than 98% purity. The reaction scheme on 
sheet 2 in the accompanying drawings indicates the reaction and the structure of the diester 
(structure 1 1, where R = Et). Preferred reaction conditions involve condensation of adamanta- 
none with diethyl succinate in the presence of a condensing agent, such as sodium hydride (as 
25 50% dispersion in oil) or potassium t-butoxide (in t-butanol), followed by esterification of the 
half ester (structure 11), where R = H) using an ethanol/toluene mixture and toluene-p- 
sulphonic acid as catalyst. The adamantylidene diester is condensed with the appropriate 
aldehyde or ketone 



wherein R, has the same significance as in formula (I) above) in the presence of a condensing 
agent, as before, followed by hydrolysis of the resulting half ester (structure 1 2) to the diacids, 

40 e.g. with 10% ethanolic potassium hydroxide solution. 

The E-diacid is obtained in admixture with the Z-isomer, by hydrolysis, e.g. with 10% 
ethanolic potassium hydroxide solution. The diacids are cyclised with an appropriate agent, e.g. 
acetic anhydride or acetyl chloride to form the corresponding fulgides. The heliochromic 
rearrangement product is obtained by heating tho fulgides or fulgimides or by a combination of 

45 heating and irradiation with U.V. light or by Lewis acid-catalysed cyclisation, e.g. using SnCI 4 . A 
combination of U.V. irradiation and heating has the advantage that a lower temperature can be 
employed and under such milder conditions a better yield can be anticipated. Where the 
rearrangement is effected by heating alone, a temperature of about 1 80'C is required. On the 
other hand, irradiation with UV light is effective to promote rearrangement at tompratures as low 

50 as about 25"C. The mixture of diacids can be separated (e.g. via the sparingly soluble potassium 
salt of the E-diacid) but this is generally unnecessary since the Z-fulgide is converted into E- 
fulgide on heating. Accordingly the mixture can be heated to form the heliochromic compound. 

In cases where the thiophen starting materials of general formula (II A) above is not readily 
obtainable, this may be synthEsised by a Gewald type reaction in which an scetaldehyde 

55 derivative cs condensed with suiphur and sshyl cyanoscetat®, preferably in ilhs presence of 
morpholine and a solvent such as ethano!. Trie product of this reaction is an amino sster of a 
thiophen derivative. If the acetatdehyde derivative has an aryl substituent, this will be present as 
a substituent in the thiophene ring. The thiophene derivative is converted to the corresponding 
acid chloride by deamination and hydrolysis. The resultant acid chloride is reacted with a salt 

60 (e.g. the magnesium salt) of diethyl malonate to yield the corresponding ketone. This process 
which is a novel procedure is illustrated in Example 18 and Sheet 13 of the formula drawings. 
Referring to Sheet 13, this illustrates the preparation of 4-acetyl-2-phenylthiophene (6) starting 
from phenylacetaldehyde (1). Derivatives of compound (6) in which the phenyl group is 
substituted, e.g. with atkoxy or alkyl, are readily obtained by selection of an appropriate 

65 substituted phenyl acetaldehyde starting compound (1). 4 acetyl-2-phenylthiophene, and related 
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30 



compounds in which the phenyl group is substituted are novel compounds 

aC cn?**l71 n fL S amP ' eS 3re 9 4 Ven t0 il,ustrate the Preparation of heliochromic compounds in 
ITZounlZ ,'nvent.on. Reaction schemes showing the formation of the heliochromic 
compounds from their respective fulgide precursor are given in the accompanying sheetsT to 
5 1 3. inclusive, identified as reaction schemes 1 to 11 . In all cases where it Tstated that * 

SKSS W ' th " WHite " "' 9ht ' a " '" tenSe a U.V. " 

Example 1 Scheme 1 R = Ph {Sheet 3) 

10 succfnate^^^ C< ? ndens j! d with eit ^ Methyl or dimethyl adamantylidene- 10 

succinate (1 8g) in toluene { 1 00cm 3 ). using sodium hydride (6g) as condensing aoent and oave 
after work up and hydrolysis with a slight excess of 10% ethanolic potassium hySde ° 
SSSi ,! aC,d 38 th . 6 P° tassium salt - The diacid. obtained by acidSon S 

15 W,th ^ Ch ' 0ride (5W) and ° L *» <W * structure (1, 

7 ? a n rl!hf t j n9 K the fU ,!? id ! 0) (4 7g) at 180 " C in o dichlorobenzene it cyclised to the coloured 
Ia^SK^^?!™ P/. 7a - DHB J) (2> rearranged to the heliochromic comoound ,3. 

«ht»fnJ7h° '""^ u . r y sra, " sai,on rrom o-dichlorobenzene. A blue coloured form (4) was 

20 remove 6 ? ^ " flht ^ to *" *™ on" 

Example 2 Scheme 1 R = H (Sheet 3) 

tolu^Snn^r (5 ° 9) c ° nd f" sed witn dieth y' adamantylidenesuccinate (142g) in 
•> K u T , ( - u ,1 u ? ng Sodlum hydr,de ( 44 9> as condensing agent and gave after work ud 

W " T° ethan °"' C P ° taS5ium hydroxide "lutionVd acidification, "he E d^cid in 25 
49* yield as well as a m.xture of E- and Z-diacids. Cyclisation of the E-diacid with acetic 
anhydride gave E-fulgide ( 1 ) in 75% yield after purification 

eo 2nn.mi , «» th8 J ,, K 9idB ( •> ? 1 8 °° C in o- d 'C"'°r°benzene. it rearranged to the heliochromic 
compound (3) which was isolated in 50-60% yield from unreacted fulgide (1 ) its Z isomer and 

D^^ELllS Sh T ? ^r^^- ^m o-dich.orobenzene 9 Helioch omic com 

Example 3 Scheme 1 R = Br (Sheet 3) 
2-Bromc~4-acetylthiophen (1 5g) was condensed with diethyl adamantylidenesuccinatP (11n\ 

Examp" 6 ! ( oave^hi hydride (6g) 35 C ° ndensin « U P S7eSb?d S 35 

n„ ; w- ?• th oe E ; ful9 ' de ° f Structure as colourless needles from ethanol (7 5q) 
On irradiation at 366nm. fulgide (1) in toluene at 1 10X rearranged quantitatively to the 
An 5 8, *° chrom,c impound (3). or alternatively, on heating the fulgide (2g) at 1 80 C in o~ 

l C .H 0 H b r nZ K nB f ° r 1/2 h ° Ur ' h rea ™9ed to the he.iochromi? compound in nea quantitative 
lSS'J^SlSr ,C C ° mPOUnd (3> reVerS!b,y Pr ° dUCed 8 mar °° n C0, °" red form on irradiation 

Example 4 Scheme 1 R = N0 2 (Sheet 3) 

46 a nh^S?#t 1 | ,, i , Su mU J a R " H ' Was nitrated with concentrated nitric acid (0.43g) in acetic 
anhydride (1 6g). Work up gave Z-fulgide (0.3g) and a mixture of E- and zWdeslrradirtS 

?R 1 1 SoT of r th !. Z ' fu,9ide 9-38) toluene at 20X caused isomerisatior , tc h ^ E-'f u gtde ) 

co^nd73t?R- NO TM- 73 ?^ ? l ^ N ° 3) and ™™gement to the helblJi 
5q compound (3), (R = N0 a ). The coloured form (4) of the heliochromic compound was maroon. 

Example 5 Scheme 2 R = H (Sheet 4) 50 

3-Benzoylthiophen (5g) was condensed with diethyl adamantylidenesuccinate (Ba\ u-sinn 
potassmm t-butoxide ( 3g) in t-butano. (lOOcm*, as condensing ^Sn^^^'J^TSled 

55 h « 8n T ^ M ° ff Und8r reduced P ressure and the ^sidue wa S fied with 
55 Mrochtonc azid and eK t racte d with mher. Solvent was removed frojr. th 8 ethsr oxura and ths 55 

Si (form ^ 1 A) WaS h ^ dro! V se ^ with 10% ethanolc pota LIS hydSdJ , lJ? 

■^^SSS?. ° n SC,d,fiC ^ on ' wero cycJised wj t" acetic anhydride and gavl a mSe of! 

fin fhTl*,™'*? 6 iu ) gides < 10 9) were neat ed (3/4 h) in tetralin (100cm 3 ) at 208'C Work ud aave 
60 n h a ?at£cTo^rm nd (3> ' (R = H> ^ from ^^SS^S^S 60 

Example 6 Scheme 2 R-Ph (Sheet 4) 

65 (14q} h rtolu^^^ {13g) was condensed with dimethyl adamantylidenesuccinate 

ot> M4g) in toluene (700c m 3) usmg sodium hydr.de (5g) as condensing agent. A mixture of E and Z 65 
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fulgides was obtained in the manner described in Example 1 . 

On heating the mixed fulgides in tetralin, as described in Example 5, the heliochromic 
compound (3), (R = Ph) was obtained, which has a blue coloured form (4). 

5 Example 7 Scheme 3 (Sheet 5) 5 
3-Acetylthianaphthene (18g) was condensed with diethyl adamantylidenesuccinate (29g) in 
toluene (200cm 3 ) using sodium hydride (1 1g) as condensing agent. Work up including 
hydrolysis, acidification and cyclisation as described in Example 1 , gave a mixture of E- and Z- 
fulgides which could be separated by fractional crystallisation from chloroform and petroleum 
10 (bp, 60-80°C.) 10 
On irradiation, at 366 nm, the E-fulgide (1) in toluene at 20°C, cyclised to form the structure 
(2) which then rearranged in near quantitative yield to give the heliochromic compound (3), 
obtained as yellow crystals after crystallisation from chloroform and petroleum (bp.60-80*C). 
Compound (3) reversibly formed a red compound (4) on irradiation with white light. 



15 



Example 8 Scheme 4 (Sheet 6) 



3-Acetvl-4.5.6.7-tetrahvdrothiananhthRn« (3n\ ui/ac rnnHoncorl with HimctHi/l Q^monh/liWnnr 

• ' ' \~~or ~- - - 



20 



25 



35 



45 



Example 1 1 Scheme 5 



RoCH.O 



15 



succinate (6g) using potassium t-butoxide (3g> in t-butanol (50cm 3 ). The mixture was heated 
(2h) at 80°C and worked up as described in Example 5 to give a mixture of E- and Z-fulgides, 
from which the Z-fulgide was separated by fractional crystallisation from ethanol, pale yellow 20 
prisms m.p. 185-187T. 

On irradiation at 366 nm, Z-fulgide isomerised to the E-fulgide which rearranged to the 
heliochromic compound (3), as described in Example 7. Compound (3) reversibly coloured blue 
on irradiation with U.V. light. 

25 

Example 9 Scheme 5. R = Me (Sheet 7) 

2-Acetylthiophen (6g) was condensed with diethyl adamantylidenesuccinate (1 6g> in toluene 
(60cm 3 ) in the presence of sodium hydride (5g). Work up, as described in Example 2, gave E- 
fulgide (1) in 60% yield after crystallisation from ethanol. 
30 On irradiation at 366 nm, fulgide (1) in toluene rearranged to the heliochromic compound (3) 30 
which was purified by chromatography on silica gel using toluene and petrol (1:1) as eluent, 
and obtained in 70% yield as yellow needles m.p. 197-198"C from dichloromethane and 
petrol. On exposure to white light, compound (3) underwent ring opening to form compound (4) 
which was red. The reverse reaction occurred in the dark. 



35 



Example 70 Scheme 5 R-Ph (Sheet 7) 

2-Benzoylthiophen (10g) was condensed with diethyl adamantylidenesuccinate (16g) using 
potassium t-butoxide (6g) in t-butanol (80cm 3 ). Work up, as in Example 5, gave a mixture of 
pale orange E- and Z-fulgides. 
40 On irradiation at 366 nm, the mixed fulgides in toluene at 55°C gave the heliochromic 40 
compound (3), (R-PH) in 70% yield, which was further purified by chromatography on silica gel 
using toluene and petrol as eluent, as in Example 9. The coloured form (4) was purple. 



45 



50 (Sheet 7) 50 

2- p-Methoxybenzoylthiophen (2g) was condensed with diethyl adamantylidenesuccinate (3g) 
using potassium t-butozide (2.5g) in t-butanol (20cm 3 ). Work up as in Examples 5 and 10, gave 
a mixture of bright yellow fulgides in 50% yield. 

On irradiation at 366 nm, the mixed fulgides in toluene at 20°C gavg «hs heliochromic 
55 compound (3), as in E«EmpJ© 10, wftosa coloured form was blue. 55 

Example 12 Scheme 6 R = Me (Sheet 8) 

3- Acetyifuran (2.5g) was condensed with diethyl adamantylidenesuccinate (8g) in toluene 
(100cm 3 ) using sodium hydride (2g) as condensing agent. Work up. gave the E-fulgide (1) (40 

60 mg), as yellow needles, m.p. 160-1 61 °C from chloroform and petroleum b.p. 60-80°C. 60 
On heating (1h) the E-fulgide at 180X in deuterichloroform in a sealed tube, it rearranged to 
the heliochromic compound (3), obtained as yellow needles. m.p.210"C dec, from ether, which 
reversibly formed a maroon coloured compound (4) on irradiation with white light. 



65 Example 13 Scheme 6 R = Ph (Sheet 8) 
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3-Benzoyifuran (4.5g) was condensed with diethyl adamantylidenesuccinate (7.3g) usinq 
potassrum t-butox.de 8g) m t-butanol (100cm 3 ). Work up. as described in Example 5. gave a 
mixture of t- and Z-fulgides. 
The mixed fulgides were converted into the heiiochromic compound (3) as described in 
5 txample 5, purified by crystallistion from chloroform and petroleum (b.p.60-80'C) The 
coloured form (4) of the heiiochromic compound was blue. 

Example 14 Scheme 7 (Sheet 9) 
m ♦ , 2 - Ben f.°y' ben2 ° furan (5g) was condensed with dimethyl adamantylidenesuccinate (8g) in 
10 toluene (100cm 3 ) using sodium hydride (3g) as condensing agent. Work up. as in Example 1 
but using acetic anhydride (30cm 3 ) instead of acetyl chloride, with diacid (3g). gave E-fulqide'(1 ) 
as yellow crystals from toluene and petroleum (b.p.60-80T), m p 257-259X 

° n j. rradiation at £ 3 ^ 6 " m ' ful9ide (1 > in toluene at 110 " c 9ave the heiiochromic compound 
(J) which was purified by chromatography on silica gel using toluene and petroleum (11 
mixture) as eluent. Compound (3) was reversibly converted to a red compound (4) on exposure 



15 



10 



15 



Example 1 5 Scheme 8 (Sheet 10) 

on # Jr fU 5 , ' de (1 * R ", H i [ , , Sc „ heme D < sh eet 3) (1g). prepared as in Example 2. in acetone 
20 (20cm 3 ) was treated with .880 ammonia (5cm 3 ). After 1/2 h. acetone was removed and the 
residue carefully ac.dif.ed with 5M hydrochloric acid and extracted with ether. The ethereal 
extract was dried over anhydrous magnesium sulphate, filtered and ether removed. The resulting 
acid arn.de was converted into the methyl ester amide, by reaction with diazomethane in ether 
and this ester amide was boiled (0.5b) with methanolic solution of sodium methoxide (freshly 

?n e !£ rf i V f °J Vmg SOdium (0 5g) in me t h anol OOOcm 3 ). Work up. gave the E-fulgide (1) 
(0.65g), crystals from ethanol. 

On irradiation at 366nm, fulgimide (1), in toluene at 20*C rearranged to give the heiio- 
chromic compound (3). Compound (3) was reversibly convertible to a maroon coloured 
compound (4) on exposure to white light. 

30 Routes to the corresponding heiiochromic im.des include rearrangement of the corresponding 
fulg.mides by heating in solvent in an analogous manner to the corresponding fulqides 
Alternatively the heiiochromic anhydride could be converted to its corresponding imide by 
reaction with ammonia or an aliphatic or aromatic amine (see as illustrated in Example 1 5) 
. ™ e f °»°w'ng Examples also illustrate the preparation of fulgimides and their conversion into 

oo neliochromic compounds. 

Example 16 Scheme 9 (Sheet 11) 

Benzothiophen (1) in ether was treated with an ethereal solution of butyl lithium and the 
resulting 2-lithiobenzothiophen (2) was reacted with dimethylacetam.de (3). Work up qave 2- 

40 acetylbenzoth.ophen (4). as colourless crystals. 

Ketone (4) was-condensed with dimethyl adamantylidenesuccinate in the presence of sodium 
2nH ?H-r S ^ J^ 6 r ^ ul * in 9 halter was hydrolysed with ethanolic potassium hydroxide 
acet.ranhydride ydr ° Cnl ° r,C ac,d to yie,d diacid < 5 )' whi <* «« cyclised to E-fulgide (6), using 

45 E-fulgide (6), obtained in bright yellow crystals, was dissolved in acetone and treated with 
™ f h a . m T n £ ^ 9 ?, SU J tin ? succinamic acid (7. R = H) was converted into the corresponding 
S X, e M er ( ' = Me > us,n 9 ether eal diazomethane and hence into E-fulgimide (8) by reaction 
with freshly prepared sodium methoxide in methanol. To monitor the course of reaction by 
n.m.r. spectroscopy, E-fulgimide (8) was irradiated at 366nm for 3 days in CDCI, It 

50 photocychsed to photochrome (9) which, in turn, underwent a 1 ,5-hydrogen shiftto yield 50 
he lochromic .m.de (1 0). Imide (10) can be reversibly converted into an orange-coloured form 
' ' oy U.V. irradiation in toluene. On removal of the U.V. stimulation, the compound (11) 
reverted to its colourless form (10). 

55 Srampfe 1 7 {Seisms 10J (Shsss "3 2) 55 
FuSgide (1 >. obtained by the procedure describsd in Enampte 8. can lbs reacted with ammonia 
in acetone to form the succ.namic acid (2){R = H), followed by treatment with etheral 
diazomethane to form tho corresponding methyl ester. The ester compound (2) (R - Me) can be 

Rn t. • ? Y e repared sodium methoxide in methanol. The resulting fulgimide (3) was 

wh°te?ght m,C ' ' n9 8 colourless to red to*™ change on irradiation at 366nm, reversed by 60 

romoiT 8 ^/^ 3t 3 ? 6 u. nm in CDC ' 3 for 3 days ' ful 9 imide O) is converted into heiiochromic 
compound (5) In sunlight, compound (5) undergoes a colourless to orange colour chanqe to 
compound (6) and thermally fades to the colourless forms. 
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Example 18 

T. Preparation of 4-acetyl-2-phenyl thiophene (Sheet 13) 

Phenylacetaldehyde (1) (30g) was reacted with sulphur (6g) and ethyl cyanoacetate (1 9a) in 
the presence of morpholine (1 7.5g) and ethano. (50 cos) to give the ermine am,no ester (2, 

«J5 ^ min «° e ? er J?l converted to the diazonium salt and reduced by boiling in ethanol 5 

S23C 9 |fS?f y ? V,d H d ( , COPPe ,V° 9iVe the PUre 6Ster Hydrolysis of the ester^Jh aqueous 
ethanolic KOH followed by acidification with 5M HCI, gave the acid (4) in approximately 70% 

Y ' ^1, T C ° nverted t0 ^ corres P on ding acid chloride (5) by reaction with SOCI 2 . 
KmJ1*£ J} W3 t r t aC ! ed W ' th ^anesium diethyl malonate to yield the compound 1 0 
(5A) as an intermediate and the ketone (6) as the final product. The resulting ketone can be 
converted to the corresponding heliochrome as described in Example 1 . 

Example 19 

3 E^^h^^Z*^ thi °P hene was P re P ared ^ described in Example 1 8 using 1 5 

on ( 1S u °J?^ ed , by h y dro 'y sis to form the diacid. Cyclisation with hot acetic 

a! ? Meim^Si^? f "i^S"* ^"^^ b/ chromat °9^PhV °" «Hica gel. On irradiation 20 
Inert V R L n i°i U J ne ' fulg ' de converted into the heliochromic compound of formula (3), 

tumfd d'eep~b?ue ^ * eXP ° SUre t0 SUn ' ight ™ t0 3 ffash gun the impound 

■>r . The . he,iochro " lic compounds described herein are solvatochromic i.e. their absorption spectra 

rZntTS S °Jl ent - in J he CaSe ° f P h <»°™cti V e 'enses. the nature of the cotour 25 

thereon ^ se| e«ing the plastics material forming the lenses or the coating 

J^S??!? °/ n he "J 0 "' f3de , ate after rem0Va ' of the U V ' H 9 ht simulation, shows that 
™ !5l SUbStan t,a l " V fo,l ° WS ^ ° rder kmetics - This is in contrast with the fade rates of known 
30 photoreaefve lenses based on s.lver dispersions, whose fade rate decreases rapidly wit Mime so 30 
that a very considerable time delay is required before the colour fade is substantiallyTompTeL 

The heliochromic compounds of this invention can be added to a polymerisation mixture from 
which plast.es lenses are intended to be produced. For example, in one test methyl methacrylaTe 
(53 cm containing the heliochrome of formula 9 (sheet 1) (0.1 5g) and benzoyl peroxide (0 15a) 
S' ymenSe ; b I heatin9 at J 00X for 30 minutes " ™« suiting polymer w a rS to be 35 
degradaTion 0 ' he,iochromes are P artia "y distant to peroxide-induced 

The discovery of photochrome materials which can be used to render plastic lenses 

AO T^l a T n e £ 3 pa T U,arlY Va ' Uab,e °" e Since ' until tne P resent invention, it has not been 

P ™i n . P rod " ce , Photoreactive plastic lenses which are capable of undergoing more than a 40 

TnLn °, f C °lT Ci l anQe CydeS - '* is possib,e in P rinci P ,e to '"corporate o? coat any type 

be used to tn^lnT 8 but , 9en r a " y ft ! S 6nVisa9ed that tne "WundL of this invention will 
be used to render photoreactive the usual types of plastic lenses; these are essentially 

A* Si 03 T an u^ ) y aCry,at f and methacr Y'ate lenses. Methods of manufacturing plastic 

45 enses are described for example m U.S. Patent No.s 3.944,637, 2.542,386 and 3 404 861 45 

the disclosure of which is incorporated herein by reference. ' ' ° 

The most commonly used material for plastic lenses is diethylene qlycol bis (allvl carbonate 

usual^ known as CR-39 (CR-39 is a trade mark of P.P.G. Ltd]. iL^cZSc ^o^ 
50 alass^nniiW 0 ^ Comb ! ned ,nt ° *• CR-39 "talysed liquid monomer, degassed and poured into 

whfehU^o TtTS- 6 - 9 u S dBSCnbed in US " Patent No - 2,542,286 the disclosure of 

casting pISS her6,n by ref<>renCe f ° r ^ details of ,he P™° *™ «" moulding or 

whh\hl e Ztl^ h nfZ eSare ^ Ma 2? f ° r , pre P arin9 he "'«=h«»"ic plastics articles in accordance 
W 21 J£ £ 8 °. ? 1S mve " S '°. n - Ths ^^chromic compounds ne3 d not hn incorporated 

tSTZZ C08ted T° * S 5>,a3t ! CS srtt ' c!ss < hM oan bs employed in the form Algid. or 55 
he 9 ™ f^nHi^ H T d K COrWSrtSd /rt S<f "' dur5n ® or a?ter * B incorporation or coating Lp into 

£ £ h8, '° chrom,c conipound. e.g. by heating at U.V. irradiation. Conversion A, 
phZeacte lenses a9B ° US r ° Ute <0 ^ manufacture of heliochromic plastics articles, such as 

60 plastlS% b rt e ich\ f TrJ !£ r .T m i B - ,Hat a " eff6CtiVe am ° Unt ° f preCursor is incorporated into a 60 
S P S a , thL I bV co ? ta . ct,n 9 m substantially oxygen-free conditions at least one 

th^ZwJ^ en l WXh - 8 m8lt ° f S ?' Uti0n 0f the fu,9ide or *"«8imide. which is the precursor of 
Ture I bo °?5 r oT C COmpOUnd - Preferablv th e treatment is effected at elevated tempera 
fi , l" re ' , e -9: abou .t , 18 0 C. m order to increase the rate of diffusion of the fulgide or fulqimide into 
65 the plastics article. Although at this temperature, the fulgides and fulgimides undergo Tonve" 65 
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sron to the corresponding heliochromic compound, it is believed that the fulgide or fulgimide 
diffuses preferentially into the plastics article. Possibly this is because the heliochromic 
compounds tend to have higher melting points than their precursors. In any event, crystals of 
heliochromic compound are observable in the precursor melts used to treat the preformed 
5 plastics articles. 5 
While the precursors may be employed in the form of melts and are generally quite stable in 
molten condition at a temperature of about 180'C for a few hours, precursor can also be 
imbibed into the plastics articles from a solution. Solvents employed should, of course be inert 
and are preferably high boiling, e.g. boiling at temperatures above 200X so that the imbibation 
1 0 ™ m f so,ut,on c a n be carried out at elevated temperature in order to increase the rate of 1 0 

diffusion. 

In the case of solvents, advantage may be taken of a technique employed in disperse dyeing 
of textiles or fibres where a solvent is selected which possesses a lesser affinity for the solute (in 
this case the precursor rather than a dyestuff) than does the material to be treated (in this case 

1 5 the plastics article). As a result the precursor is effectively partitioned between solution in the 1 5 
solvent and solid solution in the plastic and thus diffuses into the plastics article. Generally high 
boiling points solvents such as fluorinated hydrocarbons or silicone oils ars suitable from this 
viewpoint when imbibing the precursor into CR39 plastics articlesr Usually a"saturated solution 
of the precursor in the selected solvent is used, which would not normally exceed a 

20 concentration of a few per cent of the precursor. The following Examples illustrate this aspect of 20 
the invention:- r 

Example 20 

A quantity of the fulgide prepared in Example 2 (Sheet 3, formula (1), R = H) was melted in a 
25 concave depression in a hot plate heated to a temperature of 180°C. The surface of a cured CR- 25 
39 plastics lens was treated with the molten precursor by laying its convex surface (whose 
curvature roughly corresponded with the concavity of the depression) in the depression in the 
hot plate. In this way the surface of the lens was maintained in contact with the molten 
precursor for 2 hours. 

30 After this treatment the lens was exposed to radiation from an AM 2 lamp at 25"C and was 30 
found to be heliochromic, darkening to 5.5% transmission. On removal of the stimulation from 
the \amp the time required to fade to half the initial optical density was 32 seconds. The fatigue 

u .'■ J - WaS 2000 minutes - T1 / 2 is the time taken for the induced optical density to decay 
to half its initial value when exposed continuously to Air Mass 2 radiation. 



35 
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(i) 



35 



Example 2 1 

A saturated solution was prepared of the same fulgide as used in Example 20 in the 
fluorocarbon solvent sold by Minnesota Mining and Manufacturing Company (3M) under the 
>,n , ^° 7 P - Th ' s so,vent had a boilin 9 P oi nt of 21 7T. The resulting solution was heated 

40 to 1 80 C and a 2mm thick coplanar CT39 lens was immersed in the solution for one hour while 40 
maintaining the temperature at 180'C. After removal from the solvent, the lens was found to be 
heliochromic and darkened to an induced optical density of 0.7 when irradiated with an AM 2 
lamp. Thermal reverse was very rapid at ambient temperature when removinq the white liaht 
irradiation. a 

45 Reference is made herein to our British Patent Application No. 8422201 filed concurrently 45 
herewith, inventors Baskerville et al (Attorney's Reference No. DCW/P.201), which describes 
preparation of heliochromic plastics articles, such as photoreactive lenses, by incorporating 
precursors of the heliochromic compounds of this invention into plastic moulding and casting 
compositions, and forming the heliochromic compound in situ in the plastic article during the 

50 moulding or casting step or in an after treatment thereof. The disclosure of the Baskerville 50 
application is specifically incorporated herein by reference. 

CLAIMS 

1 . A compound of the following general formula:— 
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represents an adamantylidene or a substituted adamantylidene group; 
5 R, represents hydrogen, alkyl, aryl, aralkyl or a heterocyclic group, 

X represents oxygen or >NR 2 , in which R a is hydrogen, aryl, alkyl or aralkyl and 




10 



represents an aromatic group, an unsaturated heterocyclic group or a benzannelated heterocyclic 
15 group. 15 
2. A heliochromic compound having the following general formula:- 




fi) 



20 



25 



wherein R,X and 



30 Ad^cf 



30 



have the same significance as in Claim 1 , and 




45 



50 



is derived from a 2,5-; 2,4- or 3,5-dimethoxyphenyl group or from a 2- or 3-furyl or a 2- or 3- 
thienyl group, which may be benzannelated or substituted. 

3. A compound according to claim 2 in which the furyl or thienyl group is deuterated or 
substituted with one or more nitro. aryl, or halogen groups. 

4. A compound according to claim 2 in which R, is a lower alkyl or aryl group. 

5. A compound according to claim 1 in which the ring represented by 



a 



35 



40 



45 



50 



is a 5-msmbsr®d hstarccyclic or benzannelated heterocyclic ring containing osygen or suflphur 
55 and a? Usast on® doub.'s bend. 

6. A method of prepering a compound having the genara! formula sat forth in dairou 1 which 
comprises subjecting a compound of the following general formula (IV) to heating in a solvent to 
a temperature above 100X or to concomitant U.V. radiation and heating or to treatment with a 
Lewis acid and recovering the rearrangement product: - 
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(IV) 



10 wherein 

AdTcf' 



10 



20 



and 

benzTnnS£d^«fn^ °- P Unsubstituted ben »>ne ring or a 5-membered heterocyclic or 
Denzannelated heterocyclic ring containing oxygen or sulphur 
and 

7 re K n H° Wn ; r >NR, wherein R 2 is hydrogen, aryl alkyl or aralkyl. 

2 I or 3TSmlh CCOrd ' n K 9 t0 C ' a,m 6 Which Ar presents a benzene ring containing 2 5- 
t or /' 5 - d ' m # f thox y j s . u bstituents or a 2- or 3- furyl or thienyl group. 9 ' 

25 JJSXS^*^ WWCh tHe *"* » thie "V> g-p is benzanne.ated or 

uJLtihSS^^^' 1 ^ ° r P,8n0 ,6nS haV ' n9 3 he "'^hromic compound coated on a 
™£™ rf k tammated or incorporated in the material of the lens the heliochromic 

.ioht an'd r!,, Pr ° pert t y ° f r T rS i b,y f ° rming 3 CO,OUred structuraVlrm on rdiation 
I!,™.," l,ght f l r,d returning to a colourless or paler structural form at normal ambient 
30 temperature ,n the absence of U.V. stimulation, the co.oured form having the fo'o Jng structure 



15 



20 



25 



30 




45 



50 l^^^^"^ t0 itS CO, ° UrleSS ° r ^ ,orm < b > "V formation of 



a central 6- 
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60 R„ X and 

65 have the same significance as in claim 1. 
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10. A photoreactive ophthalmic or piano lens having a heliochromic compound coated on a 
surface thereof or laminated or incorporated in the material of the lens, the heliochromic 
compound having the following general formula:- 




(i) 



10 



15 wherein R„ X and 



15 



20 have the same significance as in claim 1, and 




20 



25 



30 



or 3- furyl or from a 2- or 3- 



is derived from a 2,5 or 3.5-dimethoxyphenyl group; from a 2- 
thienyl group, which may be benzannelated or substituted. 

11. A photoreactive lens according to claim 10 wherein the lens is formed from a 
polycarbonate or a polyalkyl methacrylate or acrylate. 

12. A photoreactive ophthalmic or piano lens which comprises a blend of heliochromic 
compounds, as claimed in claim 1 or claim 2, coated on a surface thereof or laminated or 
incorporated in the material of the lens. 



30 



Printed in «ho United Kingdom lor Her Majesty's Stationery Ollice. Od 8818935 1985 4235 — 
Published al The Patent Oflico. 25 Southampton Buildings. London. WC2A 1 AY. Irom which copies may be obtained. 



